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1. Title of Invention: 

Liquid crystal electro-optical device 

2. Claim 

A liquid crystal electro-optical device controlling light 
scattering states of a liquid crystal panel consisting of two substrates 
opposed to each other with a ferroelectric liquid crystal composition 
interposed therebetween, by applying an electric field to said liquid 
crystal panel, wherein the liquid crystal electro-optical device has an 
active matrix driving means. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to enhancement of an 
information content of a liquid crystal electro-optical device which 
utilizes a scattering phenomenon of a ferroelectric liquid crystal 
composition. 

[Summary of the Invention] 

The present invention realizes the representation of a high 
information content by providing an active matrix driving means in a 
liquid crystal electro-optical device which controls light scattering states 
of a ferroelectric liquid crystal composition by an applied electric field. 

[Prior Art] 

An electro-optical effect [hereinafter referred to as FLS 
(Ferroelectric Liquid Crystal Scattering) effect] which controls the light 
scattering states of a ferroelectric liquid crystal has been observed to be 
driven in a single cell as described in Ferroelectrics, 59 (pp. 145-1 60, 
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1984). 

[Problems that the Invention is to Solve] 

However, since the FLS effect has no distinct threshold in the 
above described conventional technology, there has been no choice but 
to combine a plurality of display elements that are statically driven for 
the representation of the information, therefore it has been impossible 
to represent a high information content. 

The present invention is to solve this problem, and its object is 
to p rovide a li quid-crystal eleclro^Qptica l device which applies the FLS 
effect to the representation of a high information content. 

[Means for Solving the Problems] 

A liquid crystal electro-optical device according to the present 
invention is characterized in that it has an active matrix wherein a 
switching element is disposed for each display element as a driving 
means for a liquid crystal panel utilizing the FLS effect. 

[Operation] 

The present invention drives the FLS effect which is only 
possible in the operation by a single cell, by an active matrix. The active 
matrix has a switching element for each pixel, and even with a short 
selection time, it can be driven by the switching element disposed for 
the each pixel with a duty ratio close to 100%. Therefore, a liquid 
crystal electro-optical device using the FLS effect, which is capable of 
representing a high information content is realized. 

Hereafter, the present invention is explained in detail 
according to embodiments. 

<Embodiment 1> 

Embodiment 1 is an example of the FLS effect panel using TFTs 

(thin film transistors) as active matrix elements. 

Fig. 1 is a perspective view of a part of it taken out. It is 
configured so as that a pixel electrode (1) and a TFT (2) are provided 
corresponding to each pixel, and a ferroelectric liquid crystal 
composition (5) is interposed between them and a common electrode (4) 
on an opposed substrate (3). 
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In a case of the present embodiment, the TFT (2) is a 
polysilicon TFT on a quartz glass substrate, which has been formed in 
the same manner as those used for commercial active matrix type liquid 
crystal pocket televisions. It is also the same for other constituent 
members. 

For the ferroelectric liquid crystal composition (5) in the case 
of the present embodiment, a rubbing treatment of organic films has 
been performed on the substrates as an alignment layer treatment, 
using BOBAMBC. A gap between the panels is 2A^m. The gap is 
adequately— select ed acc ording— to a rft quired_exten t of the scattering and 

a driving voltage. 

Also, even with the same gap, it is also effective to form the 
pixel electrode (1) or the common electrode (4) as an optically reflective 
electrode such as metal thin film electrode of aluminum or silver for 
example, to double a light path to obtain stronger light scattering. 

Next, how it is driven is explained. Fig. 2 is a diagram showing 
an example of how an FLS effect TFT liquid crystal panel is driven. In 
the case of this embodiment, since the FLS effect of BOBAMBC is utilized, 
it is necessary to apply a polarity inversion voltage with a frequency of 
several microseconds to several tens of microseconds, and a DC voltage 
to the liquid crystal layer. The polarity inversion frequency depends 
upon a speed of molecular motion of the liquid crystal and a degree of 
spontaneous polarization. As for the condition of the present 
embodiment, an inverted electric field of 50Hz is applied, while the 
liquid crystal is in a chiral smectic phase with the liquid crystal panel 
being kept under a temperature of approximately 80°C. This polarity 
inversion electric field, as shown in Fig. 2, is made by inverting a video 

gate (8) in every field (a time for addressing the entire screen of the 
liquid crystal panel dot-sequentially or line- sequentially) (6, 60). This is 
called a scattering signal (12), and is indicated as the shaded areas in 
Fig. 2. The common electrode (4) at this point has an electric potential 
near the intermediate value of that of the video signal. Therefore, an 
electric potential whose polarity has been inverted is written into a pixel 
corresponding to a scattering state in every field, so that a polarity 
inversion voltage which induces scattering is applied to the ferroelectric 
liquid crystal. 

On the other hand, as for the application of a DC voltage, the 
video signal may be applied in every field without inverting it. It is 
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indicated as the portions (13) of the video signal in Fig. 2. 

That is, the generation of the video signal (10) is performed so 
that it is selected between Ov and Vv according to display data in a 
signal field (60) of every two fields, and in addition, in a total-on field 
(6), it is performed so as that Vv or Ov is added. 

Moreover, these are mveitcu m every iivius w P"'"" 1 
degradation of the liquid crystal. It is illustrated by (14) and (15) in Fig. 

2. 

Although a signal for the side of a gate line (11) is omitted in 
Fig. 2, a pu l se such as one selected sequentially is applied in the same 
manner as in those used in commercial pocket liquid crystal televisions. 
For these, refer Nikkei Electronics, September 10* (1984, p.211). 

Also, for the purpose of simplification of the explanation, the 
video signal in Fig. 2 is a binary signal of Ov or Vv, however it may be 
modulated between the voltage amplitude O and Vv so as to vary the 
intensity of scattering. An example of the video signal in this case is 
shown in Fig. 3. 

As described in the above, the FLS effect can be applied to the 
representation of a large number of pixels by the TFT active matrix 
driving means. Although TFTs are employed in the present 
embodiment, any elements as long as they are 3 -terminal switching 
elements, are applicable. Also, in a case where a memory property 
remains due to interfacial alignment, it is not necessarily so required 
that either a DC voltage or AC voltage are always applied to the pixel 
electrodes. 

<Embodiment 2> 

_ * -» r TTk r / "fc jr _ .«_ _ 1 T 1 _ a. _ 

Metal) diode (17) which is a 2-terminai bidirectional swucmng eiemeui, 
is used as an active matrix element. 

Fig. 3 is a schematic diagram of a pixel equivalent circuit, and 
Fig. 4 is a perspective drawing. An MIM diode (17) is provided between 
a data line (18) which transfers display data and a pixel electrode (1), 
and is opposed to a scanning electrode (16) with a ferroelectric liquid 
crystal composition interposed therebetween. The equivalent circuit for 
one pixel is shown in Fig. 4 (b). As for the ferroelectric liquid crystal, 
the same DOBAMBC as in Embodiment 1 is used. The alignment 
treatment and gaps are also in the same manner. The MIM diode is 
comprised of Ta-Ta2O5.Gr, and as shown in Fig. 5, has a bidirectional 
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nonlinear characteristic. The manufacturing method of the MIM diode, 
and the configuration of the panel is the same as the ones described in 
Japanese Laid-open Patent No.: JP-A-55-161273, or in Proceedings of 
Japan Display 83 (p.404). 

Next, how it is driven is explained. Fig. 6 shows an example of 
driving an FlS etfect ivIiM nquiu crystal p»nei. ^a^ *s « ua>.a wguui 
waveform on a data line of a third column, and similarly, (d) is a data 
signal waveform on a forth column, (b) and (e) are voltage waveforms 
applied to pixels (4, 3), (4, 4) respectively, and (c) and (f) are voltage 
w aveforms applied to a li quid crystal layer of the pixels (4, 3) and (4, 4) 
respectively. Also, (g) is a scanning electrode signal waveform at a 
fourth row. The generation of these signals may be performed similarly 
as in a conventional simple matrix type liquid crystal display device. 

Now, each of the signal waveforms is explained in further 
detail. The FLS effect requires switching of an AC voltage and DC 
voltage as it is also explained in Embodiment 1. In the case of the 
present embodiment, the driving is so configured to allow the polarity 
inversion in every frame (a time addressing all pixels) (19), (20). The 
scanning electrode signal (Fig. 6 (g)) is equivalent to a 2-frame AC 
method of a regular simple matrix type liquid crystal panel. The data 
line signals (Fig. 6 (a), (b)) are so designed to assume, alternately, the 
total-on frame (19) and the signal frame (20). In the total-on frame 
(19), it assumes an on level of the two-frame alternating current 
method. In the signal frame (20), when scattering, or an AC voltage, is 
intended, it assumes the on level (22), and when non-scattering, or DC 
voltage, is intended, it assumes an off level (23). The signal frame is 
based on the same concept as in the regular simple matrix liquid crystal 

applied to the pixels. Within the voltages applied to the pixel (4, 5) ana 
the pixel (4, 4), the operations of the pixel circuits are different while 
(21) is being selected. The pixel (4, 3) would be newly written on the 
negative side in a selected period of (21) while the MIM diode in the 
pixel (4, 4) would remain in an off state during the selected period of 
(21), so that the ferroelectric liquid crystal layer would keep a voltage 
on the positive side. As a result, it has been made possible to modulate 
the DC voltage and AC voltage according to display data. In the present 
embodiment, the inversion frequency of frames is set at 50Hz which is 
same as that in Embodiment 1. Moreover, in order to prevent the 
degradation of the liquid crystal, all the signal waveforms of Fig. 6 may 
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also be inverted in every N fields, and an inverted DC voltage may be 
applied. 

While the above description was made for the case of binary 
representation for easy understanding, gray-scale representation is also 
possible. This is achieved by modulating the scattering intensity level 
by amplitude modulation oetween tne on ievci «uu o^ iwwi \^->>. 

In this case, how it is driven would be similar to that in the 3-terminal 

case in Embodiment 1. 

As explained in the above, by employing MIM diodes as 
driving H«wi «nts o f the FLS effect as one example of 2-terminal 
bidirectional switching elements, representation by a large number of 
pixels has been realized. 

<Embodiment 3> 

Embodiment 3 is a case of an FLS effect liquid crystal panel 

using a plurality of switching elements as the driving matrix element. 

The panel comprises an active matrix substrate, a ferroelectric 

liquid crystal composition layer and a counter substrate that are similar 

to those in Embodiments 1 and 2, so that further description on the 

constitution is omitted. Fig. 7 (a) shows a functional diagram of one 

pixel, and Fig. 7 (b) shows an equivalent circuit wherein two transistors 

are used. The selection or non-selection of the pixel is determined by a 

selection circuit (24), and a prior state is retained by a retaining circuit 

(25) until a selection signal is applied. A switching circuit (26) operates 

according to information retained, so that a signal applied to a pixel 

electrode (1) is switched. In order to accommodate these functions into 

one pixel, it is desirable that a number of elements is as small as 

The functions of the selection circuit, the retaining circuit, tne switcning 
circuit are provided respectively by a selection transistor (27), a 
retaining capacitor (28) and a switching transistor (29). (30) is a DC 
voltage source for applying the DC voltage of the FLS effect, and (31) is 
an AC voltage source for applying the AC voltage to the ferroelectric 

liquid crystal layer. 

Next, how it is driven is briefly explained. At a source line (7) 
and a gate wiring, an addressing pulse for pixel selection is applied, and 
those pixels are selected once upon every one-frame generation. 
Display information at a selected time is given as a voltage to the 
retaining capacitor (28) from the source line, and the retaining capacitor 
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holds the information until a next selection occurs. The behaviors up to 
this point are performed in the same manner as in the 3 -terminal 
switching active matrix of Embodiment 1. Next, the switching transistor 
(29) is controlled in its gate voltage by the voltage of the retaining 
capacitor (28), and switched on and off. To a source of the switching 
transistor (29), the AC voltage source and DC voltage source are 
connected via the liquid crystal layer and a common electrode (4). An 
on resistance and off resistance of the switching transistor are designed 
so as to have equivalent parallel resistance of the liquid crystal layer 
^etweea-them, and o&cillatiQiL_c^_cl e of the AC voltage source is shorter 
than a parallel equivalent time constant, and its amplitude is set to be 
larger than the voltage of the DC voltage source. By this, as the 
switching transistor switches on and off, the majority of the DC voltage 
and the AC voltage becomes a liquid crystal layer application voltage 
(32) while in an on state as shown in Fig. 8 (a), and since the amplitude 
of the AC voltage is larger than that of the DC voltage, a sufficient AC 
voltage for the scattering of the FLS effect is applied to the liquid crystal 
layer. While in an off state, as shown in Fig. 8(b), the majority of the AC 
component becomes a switching transistor application voltage (33), so 
that the DC voltage component is applied to the liquid crystal layer. In 
this way, by taking advantage of the impedance of the liquid crystal 
layer, a simple 2-transistor configuration realizes the switching of AC 
and DC voltages which FLS effect requires. 

An actual matrix element is configured by TFTs or MOS 
transistors formed on an Si substrate in the same manner as in 
Embodiment 1. Also, these pixel selection methods are performed 
equivalently to that in the liquid crystal pocket television which is 

Moreover, in order to prevent the degradation of the liquid 
crystal, the polarity of the DC voltage source (30) may be inverted in 
every N fields, allowing AC driving in every N fields. 

[Effect of the Invention] 

As explained heretofore, by driving the FLS effect by an active 
matrix, an electro-optical device which has a large number off pixels 
that have superior property of the FLS effect, and capable of 
corresponding to a high information contents, can be realized. 

4. Brief Description of the Drawings 
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Fig. 1 is a perspective view of an FLS effect TFT liquid crystal 



oanel 



Fig. 2 is a diagram showing the driving mechanism of the FLS 

effect TFT liquid crystal panel. 

Fig. 3 is a diagram of a video signal whose amplitude has been 

modulated. 

Fig. 4 (a) is an equivalent circuit diagram of an FLS effect MIM 

liquid crystal panel. 

Fig. 4 (b) is a perspective view of the FLS effect MIM liquid 

crys tal p anel, — — — — — — — — 

Fig. 5. is a graph showing current- voltage characteristic of the 

MIM. 

Fig. 6 is a diagram of a driving waveform of the FLS effect 

MIM liquid crystal panel. 

Fig. 7 (a) is a functional diagram of one pixel. 

Fig. 7 (b) is a diagram of an equivalent circuit with two 

transistors. 

Fig. 8 (a) and (b) are diagrams of voltage waveforms applied to 
the liquid crystal layer and the transistor. 

[Description of the Reference Numerals] 

1: pixel electrode, 2: TFT, 4: common electrode, 5: ferroelectric liquid 
crystal composition, 17: MIM, 24: selection circuit, 25: retaining circuit, 
26: switching circuit 
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